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Background
Evidence from randomized controlled trials is often unavailable or insufficient to answer all questions posed in a comparative effectiveness review (CER). Thus, following a best-availableevidence approach, 1 systematic reviewers often use observational studies including a comparison group to examine the comparative effectiveness and safety of alternative therapeutic strategies. However, there are many instances where even observational studies with a comparison group are unavailable. Therefore, single group studies-those that evaluate a single intervention given to all subjects included in the study design-are often part of the evidence available to systematic reviewers conducting CERs.
We define a single group study as a study that consists of only a single group of subjects included in the study design, in which all subjects received a single intervention and the outcomes are assessed over time (i.e., not a cross-sectional study). These studies may be prospective or retrospective cohort studies. A number of study types would be included in this category, including investigations described as -single arm studies,‖ case series, registries, -before-after designs,‖ and time series studies. A classification scheme developed by Campbell and Stanley describes two single group studies consistent with our definition: the -one-shot case study‖ and the -one-group pretest-post-test design.‖ 2 In the one-shot case study, a single group is studied only once after a treatment is applied. In the one-group pretest-post-test design, a pretest evaluation is followed by a treatment and then a post-test. For the rest of this paper, we will use the simplified term -single group study‖ when describing these designs in general.
Single group studies are often conducted in the setting of strong therapy preferences (e.g., hyperbaric oxygen therapy for arterial gas embolism 3 ). This is especially true for transplantation studies of vital organs in the setting of rapid and fatal disease progression. For example, in patients with end-stage liver disease, the natural history of disease is so well known that it would be difficult to carry out a trial with an untransplanted study arm. Also, a field of clinical inquiry that is relatively new may not be sufficiently mature to rationalize a comparative hypothesis. For example, novel procedures or drugs are often initially evaluated in single group studies that are used to inform the design of a subsequent study with an internal comparison group.
Single group study designs are commonly used to monitor adverse events that may become evident only with long-term followup of large numbers of treated patients, which is not practical or efficient with other study designs. For example, phase 4 studies to monitor postmarketing adverse events and evaluations of therapies often include a single group of patients managed with the same treatment strategy and followed over time. Open-label extensions of clinical trials present another type of clinical investigation that often lacks an internal, concurrent comparison group. Although they are designed to follow patients for an extended period of time, they also usually evaluate a more highly selected population of patients who completed the randomized trial, tolerated the medication, and agreed to participate in the extension. Expanded access programs (or -compassionate use‖) allow the use of an investigational drug outside of a clinical trial to treat a patient with a serious or immediately life-threatening disease or condition lacking satisfactory alternative treatment options. These investigations commonly describe the experience of a single group of patients without a comparison group (for example, see Janne 2004 4 ). Finally, registries of patients who have been exposed to a single drug or device may also be assembled for monitoring long-term sequelae without an internal comparison group. An example includes the coordinated effort to study newly introduced devices through the Interagency Registry for Mechanically Assisted Circulatory Support, established to capture detailed clinical data on all patients receiving implantable ventricular assist pumps in the United States. 5 Since single group studies do not include a direct, concurrent comparison group, their role in informing comparative effectiveness questions is not straightforward. Observational study designs in general suffer from a potential lack of exchangeability of exposed and unexposed subjects. In other words, the outcome in the untreated group may differ from what would have occurred in the treated in the absence of treatment (the -counterfactual outcome‖). The absence of a direct, concurrent untreated comparator in single group studies presents an added challenge to identifying a proxy for the counterfactual, or an answer to the question: -What would have been the treated person's experience if there had been no treatment?‖ Extrapolations based on the expected outcomes in the -missing‖ untreated arm are required for inference about treatment effects. In fact, explicit and implicit comparisons are frequently made in single group studies even in the absence of a direct, concurrent comparator. The appropriate interpretation of these implicit and explicit comparisons and their potential utility in CERs must include consideration of the key assumptions underlying each single group design.
The ability of observational studies to answer questions about the benefits or intended effects of pharmacotherapeutic agents, devices, or procedural interventions has been a matter of debate. 6 Guidance has been developed for systematic reviewers for decisionmaking on the inclusion of observational studies in general in CERs. 6 However, to the best of our knowledge, the use of single group observational studies in CERs has not been specifically addressed in this methods guide or elsewhere. While the value of using single group studies to identify and quantify the occurrence of harms a of interventions is well recognized, the role of these studies in evaluating comparative effectiveness and safety is not well developed. Given that single group studies may comprise a substantial portion of the evidence base for a given clinical question, and in light of the challenges in their interpretation and relevance to questions that are comparative in nature, it is important to clarify whether they are useful in informing comparative effectiveness assessments, and if so, to clarify the assumptions required to support their use.
In order to illuminate the use of single group studies in CERs, we conducted an empirical review of current practices in using single group studies in CERs conducted by Evidence-based Practice Centers (EPCs) for the Agency for Healthcare Research and Quality (AHRQ). The summary findings should serve as an impetus for future work in reaching a consensus across EPCs as to when and how single group studies should be used in CERs specifically and systematic reviews in general. In addition to the empirical review, we also provided a narrative review section describing the common single group study designs and the key considerations and assumptions required for their interpretation to help guide comparative effectiveness reviewers who encounter this type of evidence.
a Includes adverse events of interventions as well as other harmful events that may be indirectly related to the intervention.
Methods
The purpose of the following empirical evaluation is to understand how EPCs have used single group studies in their CERs. Because there was no single term used consistently across EPCs to describe these types of studies, we reviewed the Methods section of each published CER to search for relevant descriptions (e.g., noncomparative cohort). These descriptions are provided in Appendix A. Crossover studies were excluded from this review because these designs are well-characterized and their properties have been extensively discussed in the literature.
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We identified all published CERs prepared for the Effective Health Care Program through searches of the Effective Health Care Web site (www.effectivehealthcare.ahrq.gov). The last search was conducted on January 10, 2012. We excluded CERs at the draft stage at the time of the last search because draft reports have not been peer reviewed and may not be representative of the final product. We included updates of a previously completed CER when the approach to single group studies differed from the original reports.
From each eligible report we only considered -comparative‖ Key Questions, those that explicitly compare benefits or harms between alternative management strategies. Two reviews pertaining only to diagnostic studies were excluded as they did not evaluate comparative 10, 11 treatment effectiveness.
These two reviews included mostly individuals that had received both diagnostic and reference tests.
Five team members piloted and modified the data extraction form. Thereafter, a single reviewer extracted information from each CER. We collected the following information for each report: title, year of publication, types of interventions compared, whether the authors planned to use single group studies, selection criteria for single group studies (minimum sample size, followup duration, or -other‖), whether the results of different single group studies were synthesized separately or together with comparative studies, methods for evidence synthesis (qualitative or quantitative), methods for risk of bias (or quality) and strength of evidence assessment, results of the review regarding single group studies (total number identified, and ratio of single group to total number of studies included), and specific synthesis methods actually utilized in the report. When appropriate, information on the above items was extracted separately for treatment benefits and harms. Whenever possible we extracted the rationale for the methodological approach used. We tabulated summary descriptive statistics across the different reports. The Summary Table of Empirical Review Extractions is presented in Appendix A.
To gain insight into the methodologic issues concerning the use of single group studies in CERs, we convened a panel of experts to help guide this project. The panel members reviewed two drafts of this paper and also provided additional feedback in a teleconference. 
Results
We identified a total of 40 CERs, of which 34 were original CERs and 6 we re updates. The list of included CERs is in Appendix A. Because two CERs on diagnostic tests were excluded, we extracted information from the 32 or iginal CERs evaluating interventions that were not exclusively focused on diagnostic tests, plus 1 upd ate CER whose methods and inclusion criteria differed from those of its original CER. Of the 33 extracted CERs, 21 used single group studies in their review. Of the 21 CERs that used single group studies, 10 re viewed only pharmaceutical agents, 1 reviewed only surgical interventions, 1 r eviewed radiotherapy treatments, and 9 reviewed multiple types of interventions. Ten (48%) used single group studies to report only harms, 2 ( 10%) used single group studies to report only benefits, while the remaining 9 (43%) used single group studies for reporting both harms and benefits ( Figure 1 ). There was some indication of differences in the use of single group studies depending on the type of intervention being evaluated ( Figure 2) , with single group studies used least commonly in evaluating pharmaceutical interventions, and most frequently used for assessing only harms in evaluation of medical devices. However, this interpretation is limited by the small sample size. It is noteworthy that not all of the 21 C ERs that included single group studies provided a n explicit rationale for doing so (Table 1 ). Of the 11 that did, the reasons cited included provision of supplementary long-term effect data on surgery, h ypothesis generation, a nd addressing a paucity of existing comparative studies. Of the 12 CERs that did not include single group studies, three provided reasons for excluding these types of studies. They included specific concerns about confounding; avoidance of bias; and that sufficient data were expected from comparative studies. We were not able to determine whether the decisions to include or exclude single group studies were made a priori or post hoc. 
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The median number of single group studies included in the CERs was 21 (interquartile range 8, 71). Notably, none of the 21 CERs that included single group studies quantitatively synthesized single group studies for any outcomes, nor did they attempt to quantitatively combine results from these studies with those from comparative studies. Eighteen of the 21 CERs that included single group studies conducted an assessment of the strength of evidence, and single group studies were used to determine the strength of the evidence in 44 percent of these reviews.
Terms used to describe single group studies in the CERs included -cohort study,‖ -observational study,‖ -single arm study,‖ -noncomparative observational study,‖ and -case study‖ (Appendix A).
A summary table of the use of single arm studies in the CERs reviewed is presented in Appendix A, including the title of the reports and the types of interventions, whether single group studies were used to address benefits or harms, the rationale for the inclusion of single group studies, and the terms used to describe single group study.
Discussion

Empirical Review
Our review of published CERs to date indicates that although single group studies are very commonly used in CERs, the rationale for including them is not frequently reported. In addition, the methods and approaches to how single group studies are used-either in isolation or integrated with comparative studies-are not clearly defined in the CERs. As an example, several CERs used single group studies to inform the strength of evidence, but the rationale or methodologies were not described. Furthermore, we observed that the terminology used to identify single group studies and their subtypes is not consistent across CERs. For example, single group studies were occasionally identified in CERs using terms that also describe observational studies with an internal concurrent comparison group (e.g., -cohort study,‖ -observational study‖). The lack of consensus on terminology for these designs and their subtypes makes the identification of single group studies in CERs challenging for readers.
It is notable that the majority (19/33, 58%) of the CERs used single group studies in the reporting of harms. Only about half of these CERs (9/19, 47%) described these harms data in the context of data from comparative studies. For those CERs that could not (or did not) juxtapose single group data alongside comparative data, it would be difficult to explore potential causal attributions of the reported harms.
Our empirical evaluation of the use of single group studies among EPCs in their CERs has several limitations. Only a single investigator extracted data from each CER, which could result in misclassification given the subjective nature of some of the elements abstracted. However, we pilot-tested the data extraction form as a group in order to operationalize the process of data abstraction and to promote agreement between readers. A second limitation of the data extraction process was the lack of consistent nomenclature used across EPCs to describe single group studies. This lack of consistent and clear terminology, as well as opacity in reporting on how these studies were used, made our identification of these designs and extraction of information on how they are used challenging. This limitation underscores our recommendation that development of consistent nomenclature for these study designs be prioritized, and that reporting on their use and application be made more transparent. Finally, our empirical review was conducted among the small sample of CERs that had been prepared by EPCs for AHRQ through January 2012 and may not be generalizable to the conduct of comparative evidence reviews in general.
Given ethical and practical constraints to many areas of clinical investigation, it is likely that single group studies will continue to be used to inform CERs, especially in the evaluation of novel technologies or in the examination of harms. Clarity and transparency in the rationale for including or excluding single group studies in CERs should be promoted. As a step forward, we have developed suggestions to improve the reporting of single group studies in CERs ( Table 2) . We further recommend that a working group across EPCs be convened to develop consistent terminology to identify single group studies, specify circumstances under which single group designs should or should not be included in a CER, discuss how data from single group designs should be considered together with other research designs, and how to incorporate data from single group designs into the deliberation of strength of evidence assessment. 
Considerations When Using Single Group Studies in CERs
A second goal of this report is to illuminate the situations in which single group studies are commonly used in clinical investigation and review the considerations and assumptions required for their appropriate interpretation as a guide for the comparative effectiveness reviewer who encounters this type of evidence. We review these common single group study designs to aid in their interpretation by systematic reviewers and other readers of primary studies.
Although no direct, concurrent comparator is available in single group studies, both explicit and implicit comparisons are frequently made. Explicit comparisons are made when the investigators compare the single group of subjects before and after an intervention, or when the investigators choose to incorporate a historical comparator (e.g., historical data from the research institution or from an external cohort or existing database) in the analysis. Implicit comparisons are made when the expected outcomes in the absence of the intervention of interest are believed to be well known, and the expected effect size from the intervention is large. Depending on the single group study design, observed outcomes in the single treated group could be attributable to the intervention itself, a placebo effect, the natural course of the disease, or confounding by timevarying factors. 12 We discuss below these three common single group study designs and the key considerations and assumptions required for their interpretation (summarized in Table 3 ).
Table 3. Summary of challenges to interpretation of single group study designs
Study Design
Challenge Before-after comparison of a Changes in factors other than the intervention of interest across the time periods single group of patients compared are common (e.g., some patients decided to take daily fish oil supplements in the evaluation of newer lipid modifying agents) Natural recovery may occur (e.g., spontaneous resolution of acute sinusitis) Subject selection and attrition may be related to disease severity (e.g., some patients with hyperthyroidism dropped out of studies when they become euthyroid) Comparison to historical Changes in factors other than the intervention of interest across the time periods control data compared are common (e.g., changes in prevailing societal eating habits in different time periods in the evaluation of treatment for hypertension) Information may be unavailable or not reported on the variability of effect estimates from historical control groups Inadequate reporting of data sources for historical response rates may occur Implicit comparison Unpredictable or variable natural history of disease may occur (e.g., depression)
Differential (Before-After) Responses in a Single Group
These studies assess the difference in response before and after the administration of an intervention in a single group of patients. Patients serve as their own controls (before the intervention is administered).
The before-after design is commonly used in the evaluation of surgical interventions and other irreversible interventions (treatments or exposures). As an example, the change in blood pressure is assessed in patients with renal artery stenosis before and after vascular surgery (personal communication from K. Uhlig). The generally irreversible nature of the procedure ensures the permanence of the intervention, but the permanence of the intervention alone does not guarantee that observed post-intervention changes are attributable to the procedure.
Time-series analyses represent another example of a before-after single group study design, frequently strengthened with more data points. Time-series analyses follow a given group or region over time, typically without covariate data on individuals. As an example, a time-series study based on employment records merged with prescription records compared work days lost before and after a triptan became available. 13 Though time-invariant individual-level confounders do not limit this design, confounding can occur with time-varying factors such as secular trends in incidence rates of disease, clinical care, or cointerventions such as the addition of new services or other quality improvement interventions.
The interpretation of before-after single group studies for the purpose of informing CERs must include consideration of alternative explanations for observed treatment effects. For beforeafter treatment comparisons, it must be assumed that the intervention of interest presents the only change across the time periods compared if patient status at baseline is to represent what would have happened in the absence of treatment. The influence of adjunctive therapies administered concurrently, or carryover effects from therapies administered before the intervention of interest should be considered. Furthermore, natural recovery, the reduction or disappearance of symptoms regardless of the administration of a given treatment, presents another potential explanation for an observed before-after improvement in a health outcome in a single group comparison. Drawing valid and meaningful inferences about treatment effect using single group observational studies is problematic when evaluating conditions that are fluctuating or intermittent.
14 For example, spontaneous resolution of sinusitis is relatively common although antibacterial agents are often prescribed. 15 The potential for natural recovery diminishes with increasing disease duration and thus will most significantly affect studies selecting cases that have been recently diagnosed. On the other hand, single group studies of interventions for diseases with stable or steadily progressing courses may be useful. 6 For example, individuals with amyotrophic lateral sclerosis steadily decline in function over time, with spontaneous 16, 17 recovery virtually unknown.
A single group study of an intervention for these patients may be able to document meaningful treatment effects.
Single group before-after studies may also be compromised by issues related to subject selection and attrition. Patients selected into a study may represent a relatively extreme subset of the patient population with respect to disease severity and symptoms. For example, due to regression to the mean, a single group study that recruits patients with an incident diagnosis of hypertension may observe an improvement in blood pressure if patients sampled represented relatively severe cases at the baseline time point and there is natural variation in blood pressure over time. Similarly, if symptoms fluctuate over the course of disease, the exacerbation of symptoms may drive patient self-selection into a given study population. In this scenario, treatment effects observed in before-after single group studies may be attributable to the selective sampling of patients at a peak severity in the natural history of disease that have a tendency to return to average severity levels over time regardless of interventions administered. Also, if patients with either more or less favorable outcomes are lost-to-followup, the observed effect of the intervention will be under-or overestimated, respectively. The site of the subject selection may also affect the outcomes of the single group study given patient differences across practice sites. For example, there may be variability in the stage of disease presentation of pathological features among cases recruited from an academic medical center versus community health centers. 18 Careful description of the study population is needed to draw meaningful and appropriate inferences.
Single Group Studies With Explicit Historical Comparisons
Single group studies may report comparative statistical or qualitative analyses comparing results with data obtained from the study with historical data from the research institution or from an external cohort or existing database not drawn from the same institution or population. An example is the comparison of one cohort from one time period that had received one technique for cardiac ablation to abolish atrial fibrillation with another cohort within the same institution from a different time period that had received a different technique. 19 Such studies are often used to estimate the impact of systems-level interventions. For example, in an evidence report on the utility of screening bilirubin values for preventing chronic bilirubin encephalopathy, 20 three retrospective single group studies were identified that compared rates of phototherapy or readmission for hyperbilirubinemia before and after the [21] [22] [23] implementation of a screening program.
These studies were deemed to be of low methodological quality, but represented the only available evidence on the effect of a systemslevel implementation.
The interpretation of these single group studies can be complicated by specific challenges to the validity and precision of historical comparisons. The appropriateness of historical data to represent what would have occurred in the absence of the intervention is limited by patient temporal drift, a systematic, populationwide shift in outcomes that may be attributable to changes in disease staging, imaging, supportive care, evolving therapies, or other concomitant factors. 24 Changes in patient populations in newer versus older trials can also invalidate historical comparisons. Differences between the patient populations of a single group trial versus historical control trials can arise due to differences in accrual sites (academic medical center versus community health centers) or changes in patient characteristics such as age, performance status, or other prognostic factors. For example, more recently diagnosed patients may have milder manifestations of a condition due to improved (and therefore likely increased) diagnostic sensitivity. Treatment effects may also be attributable to secular trends in clinical care. For example, a decrease in diabetes-related preventable hospitalizations was observed in the U.S. from 1998 to 2006, possibly indicating improvements in quality of primary care or a higher threshold for hospitalization for individuals with diabetes. 25 Using a before-after single group design to evaluate the treatment effect of an antidiabetic agent introduced during this timeframe could be confounded by these examples of temporal drift. In addition, in phase 2 studies the variability of effect estimates from historical control groups is often overlooked and can result in 26, 27 erroneous conclusions regarding the effect of the experimental treatment.
Inadequate reporting of data sources further impedes appropriate interpretation of findings from single group studies with historical comparisons. Roughly half of phase 2 trials did not cite the source of their historical response rates. 28 Several simulation studies have been conducted to illuminate the debate concerning the use of single group studies with historical controls versus randomized controlled trial designs in phase 2 studies. One such study concluded that if a small phase 2 study is planned with few patients available, then the single group study is usually adequate, assuming the historical control response rate is well-known. 29 Randomized trials were preferred for larger trials and in the setting of high variability in historical response rates. 29 A second study used simulations to compare the false positive (α) and false negative (β) rates in single group versus randomized two-arm trial designs in the setting of random and systematic variability in historical control data. This analysis indicated that variability in historical control response rates and changes in patient populations in newer versus older trials affects both false-positive and false-negative error rates in single group studies, but did not impact error rates in the randomized two arm trial designs (though the two arm studies required a 2-4 fold increased sample size). 24 A third simulation study compared optimal single group and randomized phase 2 designs with a variety of commonly used false positive (i.e. α = 0.05, 0.10) and false negative (i.e. β= 0.20, 0.10) error rates. The objective of this simulation was to explore which phase 2 design was more likely to correctly identify active treatments so that they could proceed to phase 3 investigations. Simulation data indicated that conducting single group phase 2 studies would lead to a higher proportion of phase 3 trials being conducted using active agents when the true response rate for standard therapy was very low (<5 percent), in the presence of positive historical bias in estimating the null hypothesis (i.e., the estimate of the standard of care treatment effect is greater than the true effect), or when there was no historical bias and low variability in estimates of the historical control rate. On the other hand, randomized phase 2 trials performed better in the presence of a moderately active standard of care agent, and in the presence of negative historical bias (i.e., the estimate of the standard of care treatment effect is less than the true effect). 30 This study did not however account for the possibility of a new drug application submission immediately following phase 2.
Single Group Studies With Implicit Comparisons
Some single group studies do not make explicit comparisons to patient status before treatment or to an assembled historical control group, but rather make implicit comparisons based on knowledge about the natural history of the disease. In these instances, comparisons are extrapolations based on expected outcomes in the -missing‖ comparison group. Such comparisons are meaningful only when the expected outcomes in the absence of the intervention are well-known, and the expected effect size from the intervention is large. Investigations of anticancer agents for metastatic lung cancer present a useful example. The unlikelihood of spontaneous regression of this disease coupled with relatively impressive response rates as in the case of epidermal growth factor receptor (EGFR) inhibitor treatment of EGFR-mutated lung 31, 32 cancer, single group studies could be informative.
A second example is the use of antibiotics for bacterial meningitis-the natural course of the disease in the absence of antimicrobial therapy is so dramatic, there is little doubt that the beneficial outcomes are attributable to the intervention. However, for some diseases with an apparently uniformly poor prognosis, there may be subtle yet clinically relevant differences between patients who are enrolled in the single group study and those who don't qualify. Careful review of the study population and eligibility criteria is needed to make an assessment concerning external validity. For diseases with an unpredictable or variable natural history, a strong rationale must be available to justify reliance upon implicit comparison groups.
Single Group Studies and Subgroup Analyses
Subgroup analyses may be applied to single group studies to identify subsets of patients who may be more likely to experience adverse events or favorable health-related outcomes. In these designs, analyses may identify whether a variable is a significant independent predictor of a health outcome or adverse event while taking into account the separate influences of other predictors. However, a single group study cannot quantify treatment effect modification without an accompanying set of strong assumptions, since data on outcomes in the absence of treatment are excluded by design. For example, a single group study of a pharmaceutical agent that enrolls both men and women can estimate the effect of sex on the rate of an outcome of interest. However, evaluating whether the risk of an outcome event differs between men and women under a particular treatment more than it does in the absence of treatment (i.e., whether the relationship between the pharmaceutical agent and the outcome rate is modified by sex), is not possible in the absence of an untreated male group and an untreated female group. In order to estimate whether there is effect modification of treatment effects by sex in single group studies, assumptions would need to be made about the risk of outcome events among both untreated males and females.
Single Group Studies and Confounding
In the analysis of before-after responses in a single group, confounding by measured or unmeasured factors that are potentially time-varying across the time periods compared remains a critical threat. Statistical methods applied to the analysis of single group studies may be helpful to attempt to adjust for measured confounding factors, or to quantify the potential impact of unmeasured factors on effect estimates. Occupational and environmental studies that include only a single group of exposed individuals attempt to estimate standardized morbidity or mortality ratios by using age-, sex-, and race-specific rates from a general population in place of the unobserved counterfactual rates. The caveat to this approach is that there are likely to be other factors that differ between the exposed group and the reference population that will result in residual confounding of the standardized morbidity or mortality ratio. For time series studies, unmeasured confounders may be addressed by constructing a smooth function of time to serve a proxy for unmeasured confounders. Sensitivity analyses may be useful to generate hypotheses about the strength of an unmeasured confounder, such as a putative secular trend associated with improved outcomes in a before-after study, that would be required to produce an observed given treatment effect if in fact the intervention is not truly associated with any benefit. 33 
Conclusions
For many therapeutic strategies, the evidence base includes observational single group studies. Our review of published CERs to date indicates that single group studies are commonly included in EPC reports, especially in reporting of harms. However, the rationale for including these designs is infrequently reported and the methods relevant to their use are not clearly defined. As a step forward, we have developed recommendations to improve the reporting of single group studies. We have also reviewed commonly encountered single group study designs and highlighted the challenges in their interpretation and application to comparative questions as a guide for systematic reviewers.
Understanding the ideal comparison group for the effect of a treatment is essential to the fundamental definition of confounding and drawing causal inferences from all clinical research designs. Indeed, the selection of a comparison group that serves as a good proxy for the counterfactual outcome is a challenge even in analytic observational research designs with direct concurrent comparison groups. Guidance on the interpretation and use of observational research designs in general for CER has been developed. 34 Since single group designs are likely to continue to constitute part of the evidence base for certain interventions, it is important that a similar set of recommendations are developed to guide the use of single group studies in CERs. 
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